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In  a manned system, man i s  considered t o  be a niajor component of t h e  

f l i g h t  system and it i s  therefore  necessary t o  inves t iga te  t h e  contr ibut ions 

which he raay be  expected t o  make a s  w e l l  a s  t h e  limits which he nay 

iupcjse on th-. sys ten .  

Eqan's contr ibut ion nay be best  measured i n  t h e  context of an 

experirnental procedure which provides f o r  as c m y  of t h e  ac tua l  

f l i g h t  conditions a s  possible.  \*here such an experimental procedure 

involves a simulator, t h e  technology i s  necesszr i ly  conplex. I n  

view of t h e  complexity of t h e  major simulation e f f o r t s  a t  t h e  Center, 

it is  necessary t o  confine t h e  scope of t h i s  presentat ion t o  t h e  

major simulator systems and t h e  areas i n  which they are being used 

t o  t h e  exclusion of t h e  numerous smaller- research progrms which 

use par t - task simulation or specif ic  experimental s i t ua t ions  designed. 

perhaps f o r  a spec i f i c  segment o f t h e  problem. 

Wjhile e. major emphasis i s  placed on t h e  simulators as a means 

t o  an end while t h e  progrm i s  bounded by t h e  r ea l i za t ion  t h a t  t h e  

problem of irlanned f l i g h t  a r e  r e a l  and compelling, simulator 

technology i s  i n  i tself  an item of i n t e r e s t  and of some research. 

The missions are a.deqv.at.ely described in t he  l i terature and w i l l  

not be spec i f i ca i iy  ciiscussed. Simuiator technology, w h i l e  of i n t e r e s t ,  

i s  not t h e  pr inary focus of t h i s  Keeting. It is proper, hwwer, 

been designed t o  a i d  i n  t h e  invest igat ion of spec i f i c  problem areas .  

I n  t h i s  context s a l e  thought m y  be given t o  t h e  problems before 

i3roceeding t o  a consideration of the research equipxent . 
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Space f l i g h t  systems a r e  bas ica l ly  undamped iner t ia l  systems. 

Since they are marginally cont ro l lab le  i n  three axes of a t t i t u d e ,  

f o r  example, autonat ic  s t a b i l i t y  augmentation systems are a t t r a c t i v e  

but of necessi ty  f a l l i b l e .  

are required for manual control  i n  t h e  event of failure of t h e  augmentation 

system. 

f ixed  or var iab le  thrust vectors poses a d i f f i c u l t  problem. 

Rendezvous -docking of i n e r t i a l  systems by nanual control  requi res  

siniultaneous cont ro l  of s i x  degrees of freedom. 

ord inar i ly  i n  t e r n s  of a force  appliei! t o  e mment arm or along a ve loc i ty  

vector.  

Controls, displays and p i l o t  techniques 

Vertical. descent i n  an airless environment u t i l i z i n g  e i t h e r  

Control inputs Ere 

Such forces  requi re  accurate appl icat ion.  

There are many unusual visual. problems such as t h e  requirement 

f o r  accurate  judgment of dis tance and snall rates of angular motion 

i n  an environment where a frame of reference may be absent or vhere 

v i s i b i l i t y  may be q u i t e  l o w .  Lighting conditions x i t h i n  t h e  space- 

c r a f t  may nct necessar i ly  be compatible with requireaents  f o r  extra- 

vehicular v i sua l  perception. 

IZLin's effect iveness  as a cont ro l le r  i s  affected by h i s  reac t ion  

He m y  be subject t o  fields mr$ng f m E  

??le prc52.m is f-xri,her corcfounded 

t o  varying gravi ty  f i e l d s .  

zero t o  neem to le rance  l h 2 t s s  

by t h e  f a c t  t h a t  ro t a t ion ,  o f ten  suggested as  a means of p o v i d i n g  

a r t i f i c i a l  g rav i ty  during orhiti m y  prcckce 8 5  r i z y  d i s r u p t i n g  

psychological a f f e c t s  a s  it overcomes. 

?Jew display and control  concepts a r e  constantly generated. Some 

of these  techniques have promise and  ;rust be evaluated. If accepteble,  

t h e i r  i n t eg ra t ion  i n t o  ;? t o t a l  displny concept or displcy-control 

systein il.ust be t e s t e d .  
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C r e w  workloads and management of complex mixes of continous 

cont ro l  and information processing i s  an important area of manned 

f l i g h t .  Time, fuel, and ve loc i ty  are of ten  r i g i d  cons t ra in ts  on t h e  

p i l o t  or as t ronaut .  

major a i r p o r t  w i l l  r equi re  t h e  concerted e f f o r t s  of t ens  and perhaps 

hundreds of persons if safe, e f f i c i e n t  commercial f l i g h t  is  t o  

become a r e a l i t y .  

hnd ing  2 supersoaic c o m e r c i d  t ranspor t  a t  a 

The Langley Research Center Simulation Program i s  or iented 

toward t h e  mission as 8 sequence of events which may present some or  

all of these  cons t ra in ts .  Therefore, while much of t h e  research 

now i n  progress i s  of general o r  t heo re t i ca l  i n t e r e s t ,  it i s  c lose ly  

r e l a t e d  t o  t h e  programed NASA missions. 

Both space and a i r  t ranspor t  1.iissions are adequately d-escribed 

i n  t h e  l i t e r a t u r e  ( 

discussed i n  cietail. The major purpose of t h i s  discussion is  t o  

d i scuss  t h e  technological fea tures  of t h e  Langley Research Center 

1-18 nned -f L igh t  siml-tcr 6. 

) and w i l l  cot  be spec i f i ca l ly  presented nor 

i n  Figure 1. Tnis system i s  a Dewline radome, an i n f l a t a b l e  sphere 

SLIDE 1 - - - - -  
a 3 i -foot i n  diameter, truncated so that t h e  center  of t h e  sphere i s  
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3 feet  above t h e  f loo r  of t he  hangar. 

a i r  lock and provides a dark-field environment. 

It has a cornbination l i g h t  and 

A star projector  with individual lenses  f o r  each star above t h e  

f i f t h  .i.agr?itude i s  m d e r  C G i i S t r U C t i O 3 .  

base6 on a NIke-Ajax radar Rntenna mount irliich has E t racking accuracy 

of degrees under f i e l d  conditions. 

The star projector  w i l l  be 

The star dr ive  i s  designed to be operated by an adjacent 631-R 

analog computer which has some 

of percis ion e lec t ronic  mult ipl iers ,  diode function Generators and 

precis ion servo-resolvers. 

riajor computer f a c i l i t y  are being in s t a l l ed .  

io94 and several  1620 computers are ava i lab le  f o r  d i g i t a l  programs, 

while a :OO amplif ier  G31-R complex i s  ava i lab le  for more e labora te  

analog computations than t h e  mal l  analog machine w i l l  provide. 

nnpl i f  Ters v i t h  c~n Edequate n u h e r  

I n  addition, t i e l i nes  to the Center 's  

A Wice  computer, a 

I n  addi t ion,  8 three-axis gr inbal  r i g  which w i l l  support a l a r g e  

cockpit i s  avai lable .  

can be driven froTn the  6214 computers. 

are also avai lab le .  

This systerr. has hyckaulic servor-,otors which 

Snal le r  f ixed base cockpits 

It can be seen t h a t  a l a r g e  Sphe~Lczl dark r m n  suppsrttd by 

analog c o r - p t i n g  e q u i p ~ e n t  cai? be Used Zor a wide var ie ty  of dark- 

f i e l d  s tudies .  

with f l a s h ?  nS Lights, j $ z x t ~ - y  ncvlgat iun experiments, t h e  t e s t i n g  of 

These include rendezvous with a vehicle  equ ippd 

various schexes f o r  11umu-1 opt ic  location and r a x i n g  and other  stuii ies.  



For convenience, i l l u s t r a t i v e  s tu6 ies  a r e  l i s t e d  i n  the 

bibliography ( >. 
As a general  sutmary of t h e  capacity of t h i s  simulator, inves t iga t ion  

of various dark-field phenomens are based on t h e  nssmption t h a t  if t h e  

p i l o t  can acquire,  t r ack  and rendezvous with passive t a r g e t s  by 

means of h i s  v i sua l  perception and nanual control  capabi l i ty ,  t h e  

manned backup of automated systems designed f o r  t h i s  mission phase 

T r i l l  greatly enhance the probabi l i ty  of mission success. 

t h i s  simulatoi- i s  predicated on t h e  assumption t h a t  man can make a 

pos i t i ve  contr ibut ion t o  t h i s  area of spacef l ight ,  and s ince research 

has confirned t h i s  assumption, considerable research on problem such 

as probabi l i ty  of acquis i t ion  of an idept i fy ing  l i g h t ,  a b i l i t y  of 

t h e  p i l o t  t o  judge small rates against  a star background,ability t o  

null rates r e l a t i v e  t o  h i s  spacecraft  and to p r t i c i p e t e  in t h e  

navigation procedure by various ceans w i l l  be continuous. 

The use of 

I n  addi t ion t o  t h i s  dark-field s i m l a t i o n ,  it should be mentioned 

t h a t  t h e  Langley Research Center has 8 3,000-foot hyGrodynaiic tow 

tank which can be darkened t o  provide perhaps the  world's longest  dark 

~ O O L I  for s tudies  involving dis tance judgment. 

w a s  not planned primarily t o  support syeceflLght; research, it i s  bein& 

used i n  such Q context.  

While this f a c i l i t y  

VISUfiL DOCKING 

While many of t h e  inportant aspects of p i l o t  controlled renciezvou 

can be invest igated in t h e  plcne'carim, it i s  not pa r t i cu la r ly  vel1 



su i ted  t o  dimensions l e s s  t h a t  perhaps 2,000 f e e t .  A fixed-base 

simulator designed t o  cover t h e  docking s i t ua t i cn ,  e s sen t i a l ly  t h e  

l a s t  1,000 f e e t ,  i s  shown i n  Figure 2. A s r a a l l  s ca l e  model of t h e  

t a rge t  vehicle,  controlled by a n  analog computer, i s  mounted so t h a t  

it r o t a t e s  i n  three degrees of freedon 

ca?era axis. 

-nd t rans la ted  alor4 t h e  

The inage i s  then transmitted v i a  t h e  TV camera t o  a 

two-axis mirror mounted above t h e  p i l o t  ' s head a t  t he  center  of a 

20-foot-dimiieter sphere. The f u l l  s i x  degrees of freedom of notion 

of t h e  capsule r e l a t i v e  t o  t h e  ta rge t  vehicle  i s  then avai lable .  

This s in ida t ion  i s  i n i t i a t e d  with 1,000 f e e t  of t h e  t a r g e t  

vehicle  with various i n i t i a l  conditions of motion of t h e  Gemini 

spa,cecraft and continued t o  within t h e  range of t heo re t i ca l  contact.  

It can therefore  be used t o  study e f f ec t  of control  modes, t h r u s t  

l eve l s ,  systems f a i l u r e s ,  l igh t ing  conditions and crew wcrliloads 

on t h e  a b i l i t y  of t h e  p i l o t s  t o  perform t h e  GeEini Cocking operation. 

Shculd t h e  conversion be desirable ,  other sys-Lems can be simulated 

by changing t h e  capsule display system, sinulated vindows and vehicle  

dynar,;ics . It i s  antici &-pt.ed however, t ha t  t he  reseec !?  vi11 cmti;;l;e 

on the Gemini configuration for soRe time t o  come. 

IBCKING F.4CILI'I'Y 

L L  dynamic s i u r l a t i o n  of rendezvous operations i s  apt t o  an 

expensive and nont r iv ia l  ZimiLatiGn, s ince ranGes of 30 r? i les  i.oiiLd 



be involved. 

t h e  rendezvous simulation i s  done by fixed base equipment. 

I!e are not surprised t o  f i n d  t h a t  t h e  rmjor part of 

The 

docking phase, however, i s  quite d i f f e ren t ,  being defined roughly 

as t h e  f i n a l  approach v i t h  some hundreds of feet. If we wish t o  

l i m i t  t h i s  t o  sme several-hundred feet, we f i n d  t h a t  a dynamic 

siciulation i s  feasible. 

Such a systen i s  now i n  operation a t  t h e  Langley Research 

Center and i s  shown i n  S l ide  3.  I n  essence t h i s  i s  a servo-controlleb 

overhead t r ave l ing  bridge crane designed by t h e  Langley Research 

Center. 

path, and 12 feet  across  t h e  f l i g h t  path. 

The overhead crane carriage moves 210 feet along t h e  f l i g h t  

A cable drive moves a 

payload some 116 feet i n  t h e  v e r t i c a l  d i rec t ion .  

All t h r e e  degrees of t ranslat ional .  freedom are provided by 

servomotors driven froK a 63143 analog computer. The payload i s  a 

three-axis gri.rI?oal system from vhich various cockpit assemblies can 

be driven. A f u l l  s ca l e  Gexin i  capsule i s  presently mounted f o r  

use i n  study o f  d.n&ing t h e  G a ~ i n l  v5th 311 :,gena %&-get. 

I n  t h i s  p i ~ ~ g m u  p i i o t  techniques, t h e  ei'f'ects of sys tw .  fa i lures  

and t h e  effect iveness  of various con t rn l  r?ndec: a re  beizg studied, 

?le note also t h a t  thei-e i s  a s t r i k i n g  s imi l a r i t y  between t h e  

f ixed  base and dpa r i i c  Ge!:ini simulation, a situxLion which provides 

i'x c?. t e s t  of t h e  ove ra l l  effectiveness of s t a t i c  \-ci-sus dy?aLlic  

s iy -u l : lC ion  of a t;ell defined :l ission phase with n vel1 dei'ined vehic le  



or  f l i g h t  system. 

p i l o t  techniques, e r rors ,  f u e l  use and other per t inent  paraxeters 

is now underway. 

concern amselves with t h e  sirmiation of t h e  t a sk  t o  be investigated 

but  nust  devote a ce r t a in  am9unt of our resources t o  an invest igat ion 

of simulators themselves, so that it becones somewhat d i f f i c u l t  t o  

separate  out research with si i iulators from research on simulators. 

An invest igat ion of these  two systems i n  term of 

It i s  becoming apparent t h a t  w e  must not only 

After t h e  rendezvous and docking phases of space missions a r e  

studied, it becomes necessary t o  consider terminal phases. Earth- 

terninal or reentry phases of manned missions i s  not present ly  under 

in tens ive  study a t  t h e  Langley Research Center. 

i s  due t o  the intensive study of this problem which accompanies 

present projects  such as the  Gemini  and Apollo, where such s tudies  

are car r ied  out by t h e  project  groups and contractors  responsible 

f o r  t h e  execution oP these  projects.  

problems which are only i n  pa r t  re la ted  t o  major design c r i t e r i a .  

This, t o  some extent, 

The lunar- terzinal  event poses 

Experience w i t h  reen t ry  mechenics azd proce&;-cs m s  gained 

d u - 5 ~ 4  t h e  Xerc-ay f l i g h t s  and w i l l  be studied during the  Gemini 

f l i g h t s .  

t h e  !qello flight, h i i t  at tile LLil t .  WZ iiie first lunar  landing our 

experience w i t h  lunar  terminal conditions will. be exactly zero, 

a conclusion which d i c t a t e s  research of t h i s  problei:: by siniulotian. 

All of t h i s  experience w i l l  be t o  some degree applictlble t c  
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One of t h e  more important aspects of t h e  mission i n  t h e  neighborhood 

of t h e  moon i s  t h e  determination of the  optimal d iv is ion  of dut ies  

between t h e  man and the  automatic system. The man-machine capabi l i ty  

i n  t h i s  C?omin can be assessed by simulation, but simulation of t h e  

vehicle  environment as well a s  t he  dynamics of t h e  spacecraf t  i s  

essent ia l .  

constructed t o  provide both a v isua l  environment i n  t h e  neighborhood 

The Lunar Letdown Simulator of ten  ca l led  LOLA i s  being 

of t h e  moon and simulation of vehicle  dynm-l I T C S .  

The simulator cons is t s  of a spacecraft ,  a closed c i r c u i t  TV 

complex, computer driven cameras and models of t h e  lunar surface. 

"his i s  shown i n  S l ide  

There a r e  four  models which permit E l t i t ude  coverage of 

200 feet - 200 miles above t h e  lunar surface.  The models include 

a 20-foot-diameter sphere and three  spherical  segments. 

The "V c%%eras are arranged so that one canera t ranspor t  mechanism 

can cover two segments and a sphere, while a second camera covers 

t h e  remaining segment. 

rno~int.eC? sc! that each lo&s a t  a poisifon of tne view analogous 

Each camera cm-plex consists 52 fcur cziiei-as 

t o  t h a t  seen from four windows i n  an approaching sgacecraf t .  

views wS1-1 he prcJec ted  %r thc i jL ls t  as ii~uugh 'ne were sitting i n  

mese 

a spececraf t  viewing these four windows. 

The p i l o t  w i l l  be given a set of i n i t i a l  conditions 2.t 200 

miles and w i l l  be required t o  es tab l i sh  an o r b i t ,  t o  determine t h e  

o r b i t  c h a r c c t e r i s t i c s ,  descend t o  200 f e e t  and hover over a 



predetermined landing s i te .  He w i l l  use t h e  lunar  surface,  horizon, 

landmarks, e t c . ,  t o  pe r fom these tasks .  

Since t h e  f i n a l  200 feet i s  within t h e  scope of a dynmiic mechanization, 

we have designed and are constructing a Lunar Landing Research F a c i l i t y .  

This f a c i l i t y  i s  sketched i n  Sl ide Five. 

400 : 

This 

ee t  

i s  an overhead crane s t ruc ture  about 2550 feet high and 

ong. The crane system w i l l  support 5 /6  t h e  weight through 

servo-driven v e r t i c a l  cables so tha t  t h e  remaining 1/6 of the  weight 

gives a downard component equal t o  lunar  g. 

This system is, fo r  t h e  p i lo t ,  open loop, although a servo 

system operates t o  keep t h e  cables v e r t i c a l  a t  a l l  times by moving 

t h e  overhead crane carr iage.  The t e s t  vehicle,  o r  "bug" has been 

delivered and is being t e s t e d  and f i t t e d  out. It i s  a research 

vehicle,  not a model of t h e  Lunar Excursion Module and i s  qu i t e  

f l e x i b l e  i n  terms of research appl icat ions.  The crane i s  capable, 

however, of handling a vehicle  weighing up t o  20,000 pounds and of 

i ni t.i - - a1 cond i t ims  of 30 f p s  h m i z m t a l l j :  and jG fps  vert'icaiiy . 
iz ca-tapuit provides t h e  i n i t i a i  conditions. 

It should be noted t h a t  t h i s  i s  an =pen loop s y s t a  -sir,- 

i - e e  i.eaci,ivri systems. For example, t h e  research vehicle  has t h r u s t  

l e v e l s  of 600 - 6,000 pounds avai lable  t o  t h e  main engines, a t t i t u d e  

reac t ion  cont ro l  jets and will hence provide a r e a l i s t i c  siiaulation of 

t h e  letdovn of a l a r g e  f l i g h t  systen using reac t ion  systems. The 
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appl icat ion t o  t h e  lunar  landing loission is, obviously, t o  t e s t  

r a n ' s  a b i l i t y  t o  hover and t o  land. such systems under various 

conditions. 

Tne design i s  such t h a t  other s tud ies  can a l s o  be car r ied  out.  

These rnight be l a rge  sca le  rendezvous -docking, space assembly of 

l a rge  objects ,  construction of a moon base i n  terms of materials 

handling, r igh t ing  capsized spacecraft, e tc .  

This completes t h e  p i c tu re  of t h e  l a rge  sca le  mnned-space 

simulators designed and constructed for the  purpose of assessing 

man's contributions t o  spaceflight systems. 

t h e  excitement of par t ic ipa t ion  i n  t h e  space program sometimes 

obscures t h e  continuing developments i n  aeronaut ical  f l i g h t  systems. 

A s  you may know, the re  i s  a strong nat ional  i n t e r e s t  i n  the 

A s  I have indicated,  

supersonic commercial a i r  t ransport .  

coxfigurations and f e a s i b i l i t y  i s  underway a t  t h e  Langley Research 

Center. 

and tdce-off from airpor-ls adequate even for our l a rges t  subsonic 

j e t  planes w i l l ' p o s e  s@me problems. The SCT must of' necessity be 

q u i t e  large and d-esigned p r i m r i Z $  fer h igh-z l t i tude  high-&kch 

f l i g h t  but landing and t&e-orirt requirements d i c t a t e  a reasonable 

speed over t h e  fence. The second problem i s  that  I n i t e r  t i n e  ir, 

uilG v l c l i l ~ b ~  ol" ihe a i rp r - t  i s  qui te  snort .  i n  Tact, it i s  p rac t i ca l ly  

nonexistent.  

Much basic  research on 

A s  t h i s  research progresses, it becomes obvious t h a t  landing 

+I.,. -*2 - 2 - - I J  .. 



I n  addi t ion,  t r a f f i c  forecas t  f o r  t h e  operat-ng period of t h e  

SCT ind ica tes  t h a t  t h e  present airway congestion w i l l  not get  any 

be t t e r .  The problem i s  therefore  two-fold. 

Landings and take-off w i l l  be exacting and a c l ea r  t r a f f i c  p a t t e r n  

The Aeromechanics and Technology Division has is  advisable. 

undertaken t o  simlate,  then, c o q l e t e  mission operation of such a 

plane i n  conjunction with the FAA a i r  t r a f f i c  control  research f a c i l i t y  

a t  i-hlantic City so t h a t  t h e  simiilation will provide t h e  research 

niloi; v i th  a s inu la t ion  of t h e  machine dynazics, t r a f f i c  pa t t e rns  

and crew workloads during t h e  c r i t i c a l  phases of take-off, entering 

and c lear ing  l o c a l  t r a f f i c ,  t r a n s i t i o n  t o  transonic speeds and t h e  

inverse operation of converting t o  a subsonic configuration, c lear ing  

t r a f f i c  and landing. 

It can be seen t h a t  most of these  s ixu la t ions  =e sinilar i n  

t h a t  they involve r e l a t i v e l y  la rge  and r e a l i s t i c  s i rmlat ion of complex 

event sequences, t h a t  they res t  on a foundation of engineering 

precision mr7 irrkp-+ed cmnllter scppcrt and t h a t  the.. me designed 

to evaluate  clan's contribution t o  tne f i i g n t  system i n  t n e  l a r g e s t  

uossible frame of reference. 

is  superior t o  Yne machine, nor i u  show that I.ian iimits i2ne perforr~ance 

of a f l i g h t  systera, but t o  a i d  i n  ilie r a t i o n a l  study ol" optimal 

combinations of human and mchine cha rac t e r i s t i c s  so  t h a t  t h e  ri ission 

at; hand nay be  cnrriei! out e f fec t ive ly  and safely.  

r- J o* u Y 

They are not designed t o  show that man 


